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STUDIES OF RADIOACTIVE PHOSPHORUS (P2) APPLIED TO
HUMAN SKIN
I. ERYTHEMA AND AUTORADIOGRAPHIC FINDINGS FOLLOWING APPLICATIONS
IN VARIOUS FORMS*
VICTOR H. WITTEN, M.D., EARLE W. BRAUER, M.D., ROBERT LOEVINGER,
PH.D.t AND VERA HOLMSTROM, B.A.
In a previous publication (1) we reported that a marked difference in visible
biologic effect, as judged by erythema and pigmentation, is noted when thorium
X solution is pipetted directly upon the human skin as compared to its applica-
tion in sealed thin-windowed plastic plaques. We believed that this difference
in response was due to the penetrations of the radioactive element, thorium X,
into the epidermis and its appendages, thus greatly enhancing the biologic
effect.
Previous investigators have noted the effects of radioactive phosphorus (P2)
applied to the epidermal surface of laboratory animals in the form of impreg-
nated bakelite discs (2) and to the skin of man in the form of impregnated plastic
sheets (3) and as discs of blotting paper saturated with a solution of 32 (4).
In addlition to studying the biologic effects produced by the P32 saturated blotting
paper discs applied to human skin, Low-Beer treated selected dermatologic le-
sions with these radioactive sources (5).
In view of the differences we had noted in the clinical biologic effect produced
by thorium X in solution applied directly to the surface of the skin as compared
to application in specially constructed sealed plaques, we were interested in
finding out if a similar difference in effect would be produced by 32 applied as
an aqueous solution directly to the surface of the skin, as compared with 32
applied in blotting paper discs and in sealed plaques. This paper reports the
results of our investigations.
* From the Department of Dermatology and Syphilology of the New York University
Post-Graduate Medical School (Dr. Marion B. Sulzberger, Chairman), and the Skin and
Cancer Unit of the New York University Hospital.
This study was performed under Contract AT(30-1)-1535 between New York University
and the Atomic Energy Commission.
Presented at the Sixteenth Annual Meeting of The Society for Investigative Derma-
tology, Inc., Atlantic City, N. J., June 5, 1955.
t Consultant Physicist, Mount Sinai Hospital, New York, N. Y.
t Penetration as used in this paper refers to the penetration into and presence within
the tissues of atoms of the particular radioactive material in question (thorium X and P32)
and is to be distinguished from the penetration of an alpha or beta particle from the surface.
§ Thorium X, a natural radioactive material, is an isotope of radium (ssRa"4) and a
member of the thorium series. It has a half-life of 3.64 days and decays by emitting alpha
particles and a small amount of beta and gamma radiation. The alpha particles alone ac-
count for almost 92% of the total energy of thorium X.
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PHYSICAL PROPERTIES OF P2
p32 is a radioactive isotope of phosphorus. It has a half-life of 14.3 days and
decays with the emission of beta particles (fast electrons) exclusively. No alpha
or gamma rays are emitted in the decay of p32• The 32 beta particles occur in a
broad spectrum of energies from zero up to the maximum energy of 1.7 million
electron volts (Mev). In addition, the different beta particles have different
ranges from zero up to the maximum possible range of 8 mm of water*. Only a
negligible fraction of the beta particles travel the maximum distance; the average
range for all of the particles is 3 to 4 mm.
EXPERIMENT I
Details Concering 32 Sources
Description of 32 Solution
The 32 used for this study was obtained t in known strength as an aqueous
solution of sodium phosphate. The material which we used initially contained
approximately 1.5 millicuries (mc) of 32 in 1 ml of solution.
Methods of Application
The P32 solution was applied to the surface of the skin as follows:
1. By direct pipetting—a 3 inch (6.5 mm) diameter circular opening was
punched in a piece of rubber 1 mm thick. This piece of rubber with punched
out hole was then applied to the skin surface and held firmly in place by
rubber cement. A measured amount of 32 solution was carefully pipetted
within the circular walled-in area.
2. By blotting paper discs—circular discs of high grade commercial white
blotting paper were cut with a 3 inch (6.5 mm) punch. These discs were
saturated with a measured amount of 32 solution, dried under an infra-
red lamp, then applied to the surface of the skin.
Amount (dose) of 32 Applied
The experience of Low-Beer was used as a guide in arriving at the amount
of 32 to apply to any given area of skin. Amounts which give a clinical biologic
effect and yet are considered within safe limits are between 100 and 400 micro-
curie-hours (ic-hrs). In order to achieve this dose in 48 hours 2 to 8 ic of p32
solution were applied to defined areas on the skin.
The specific activity of the radioactive solution (initially about 1.5 mc/ml)
was such that 0.002 to 0.010 ml (2 to 10 lambda) of solution was required to
achieve the desired dose. This amount was used for direct pipetting onto the
skin and for application to the blotting paper discs. In order to saturate evenly
the entire disc of blotting paper in the attempt to achieve uniform distribution
of the radioactive material, it was necessary to dilute the original volume of
* Water is commonly considered to be approximately equivalent to skin or soft tissue in
its ability to absorb beta particles.
f Radioactive Pharmaceuticals, Abbott Laboratories, North Chicago, Ill.
I L PROPERTIES OF P3
32 is a radioactive isotope of phosphorus. It has a lf li
 i  t   f  he  t  rti l  
R
i  f 32 i
        
  l ti .
p
 r  t ith a 3'
. I  rder to achieve this dose in 48 hours 2 to 8 c of 
e i
RADIOACTIVE PHOSPHORUS AND HUMAN SKIN 439
radioactive solution to 0.015 ml. This in turn was pipetted onto the discs of
blotting paper.
For these discs, 100—400 c-hrs of p32 corresponds to a dose of approximately
2000—9000 rad at the surface of the applicator.
The rad is the internationally accepted unit of absorbed dose from ionizing particles (6).
One rad represents 100 ergs of absorbed energy per gram of tissue. By taking account of the
number of disintegrations per .c, the average energy of the 32 beta particle per disinte-
gration, and the distribution in tissue of the absorbed energy (7), it is possible to convert
c-hrs into rad. For the 3j inch (6.5 mm) discs it turns out that 1 ac-hr gives a dose of 22
rad at the surface of the blotting paper.
The rep was formerly used as the unit of beta particle dose. It is approximately equal
to the rad. The exact relationship is 100 rad 107 rep.
Clinical Application
Procedure
For this study subjects were obtained from the New York Skin and Cancer
Unit of the University Hospital. The 32 was applied, as described below, to the
individual's normal skin adjacent to an area scheduled for diagnostic biopsy or
for complete surgical excision.
1) By direct pipetting alone: Following the cleansing of the skin with ethyl
alcohol, the rubber with punched out hole was applied to the skin (see Methods
of Application). A volume between 0.002—0.010 ml of p32 solution was pipetted
in the circular opening and allowed to dry. The prepared site was then covered
with Scotch or adhesive tape and kept dry until removal.
Fourteen sites were prepared in this manner and were biopsied immediately
after the desired exposure time had elapsed.
2) By the application of a blotting paper disc: Following the cleansing of the
skin with ethyl alcohol, the prepared blotting paper disc was applied to the skin
(see Methods of Application) with Scotch or adhesive tape and kept covered
and dry until removal.
Seven sites were prepared in this manner. Biopsies were performed on two
immediately following removal of the discs. On 5 occasions, following the removal
of the radioactive source, the area was covered with a dry dressing and kept dry
for an additional 48—72 hours. At the end of this period the site was examined
for any visible biologic effect before the biopsy was performed.
3) By both direct pipetting and application of a blotting paper disc simul-
taneously on the same subject: Following the cleansing of the surface with ethyl
alcohol, two neighboring but isolated skin sites were prepared by methods 1 and
2 above.
At the termination of the desired exposure time, the rubber and the blotting
paper disc were removed. The prepared sites were covered with a dry dressing
and kept dry for another 48—72 hours. At the termination of this interval the
sites were observed for any visible biologic effect before the biopsies were per-
formed *
* should be noted here that although the radioactive source in the form of a blotting
paper disc was completely removed, the area to which the P solution had been pipetted
was left untouched.
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This combined method was performed on 4 subjects.
Where an erythema was observed it was recorded according to the following
units: 1—Very faint, barely discernible; 2—Slight, diffuse but definite; 3—
Moderate; 4—Marked or intense.
Preparation of Autoradio grams
The biopsy specimens which were taken for this study were prepared for
autoradiography by several methods: 1) from frozen sections prepared according
to the special technic now routinely used in our laboratory (8) (9); 2) from paraf-
fin sections prepared by routine Bouin's fixation, dehydration, and embedding;
and 3) from paraffin sections prepared by the freeze-dry technic.
The emulsions found to be most suitable for 82autoradiography were Kodak
nuclear track plates, types NTB, NTB2, and NTB3. The exposure period varied
considerably depending on the amount of 32present in the tissue sections and
on the particular emulsion used. The best autoradiograms were produced with
exposures of 14 to 30 days.
The technic of producing autoradiograms of tissue sections with 32solution
under the conditions of this study is not without its difficulties and artifacts.
In particular, attention is called to the histochemographic effect (10) (11) in
which some constituent of the tissue itself (usually in the epidermal structures)
may cause a granular darkening in the nuclear track emulsion. In our experience
the darkened grains produced by this effect are usually larger and more irregular
in shape than the grains produced by radiation effect; these large irregular
grains do not form distinct beta tracks, and therefore can usually be distinguished
from darkening of grains produced by the beta rays.
RESULTS OF EXPERIMENT I
The autoradiograms prepared from serial sections of the 29 pieces of tissue
taken from 24 subjects showed the presence of 32 in all specimens. The localiza-
tion of the photographic darkening produced by the beta radiation from the p32
was usually not sharply confined to the position of epidermal or other structures
and it was therefore occasionally difficult to interpret with certainty the exact
localization within the tissue of the radioactive material. Conclusions have been
drawn only in those instances where the findings were unambiguous.
In general, when the 32 solution was pipetted directly onto the surface of the
skin the autoradiograms showed both a greater accumulation of radioactivity
on the surface and greater penetration (into the epidermis, hair fofficles, sweat
ducts and sweat glands) than was shown by autoradiograms from areas covered
by blotting paper discs.
On 4 subjects it was possible to apply 32 by both methods and to obtain
autoradiograms of tissue specimens taken from both sites.
These observations as summarized in Table I, indicate that under the condi-
tions of this experiment when 32 solution is applied to the surface of the skin
by direct pipetting and in the form of a blotting paper disc there is no correlation
between the erythematous response which is observed and the amount of p32
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FIG. 1. A section of human skin biopsied 5 days after topical application of an aqueous
solution of p32 Cut perpendicular to the epidermal surface. It is evident that the phosphorus
has penetrated and has become localized in the epidermis, hair follicle and the follicular
wall. (Magnification: 125X)
Note: In this and the photomicrographs which follow, histologic detail is lacking. This
is because the critical focus is on the grains which are in the emulsion beneath the level of
the tissue section.
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FIG. 2. A section of human skin biopsied 48 hours after topical application of an aqueous
solution of p32 Cut perpendicular to the epidermal surface. There is a large accumulation
of activity in the central portion of the follicle. (Magnification: 300X)
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FIG. 3. A section of human skin biopsied 48 hours after topical application of an aqueous
solution of p32 Cut perpendicular to the epidermal surface. In addition to the accumula-
tion of activity on the surface there is a localization of activity in the epidermis and the
sweat duct. (Magnification: 225X)
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FIG. 4. A section of human skin biopsied 5 days after topical application of an aqueous
solution of p32 Cut perpendicular to the epidermal surface. The localization of P is evi-
denced by the darkened grains as seen in and around a sweat duct 0.65 mm below the epi-
dermal surface. (Magnification: 500X)
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TABLE I
Summary of clinical observations and autoradiographic findings on 4 subjects to whom 32
solution was applied simultaneously by direct pipetting and by blotting paper disc
Subject No. Method of Applicationof P Soiution
Erythema Amount of Radioactivityon Surface and within
Degree in
units Pipetting as comparedto disc
Epidermis and Appendages.
Pipetting as Compared
to Disc
1
2
3
4
direct pipetting
disc
direct pipetting
disc
direct pipetting
disc
direct pipetting
disc
3
3
1
2
0
2
0
1
equal
pipetting less
pipetting less
pipetting less
pipetting greater
pipetting greater
pipetting greater
pipetting less
* See Unit Values under Procedure.
TABLE II
Compari8on of the S methods of applicatin of p2• Summary of data for 35 subjects
The table gives the number of cases in which any one method of application was found
to produce a visible biologic response greater than, equal to, or less than the response of any
other method.
Greater than Equal to Less than
Reaction to direct pipetting as compared to
reaction from plaque 13 17 5
Reaction to direct pipetting as compared to
reaction from blotter 11 21 3
Reaction to plaque as compared to reaction
from blotter 6 25 4
found on the skin surface or within the tissues as demonstrated by autoradi-
ography.
EXPERIMENT II
Because of the apparently contradictory biologic and autoradiographic
findings in the four subjects of Experiment I, the studies were expanded as
follows:
To the upper arm of 44 subjects we applied (as an aqueous solution of
sodium phosphate) in three forms: 1) as a sealed plaque with a thin Mylar (Du-
Pont) window, 10 mg/cm2 thick; 2) as a blotting paper disc saturated with a
solution of P2; 3) as a solution of 32 pipetted directly onto the surface of the
skin.
In each instance equal amounts of p2 were applied to an area 1 cm in diameter.
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The sites were exposed simultaneously for the same period of time. Following
the removal of the blotting paper disc and the sealed plastic plaque, the three
irradiated sites were observed at frequent intervals, at which times the visible
biologic responses were recorded *
RESULTS OF EXPERIMENT II
Only 35 subjects returned regularly for follow-up. The recorded observations
are summarized in Table IL
These figures indicate that no regular difference in degree of visible biologic
effect is produced by any one of the three methods used for irradiating with
32
DISCUS5ION
The results of these findings indicate that the biologic effectiveness of p32
(a pure beta emitter), as judged by the erythema, seems to be es$entially equal
whether acting from the surface or following penetration into the tissues. These find-
ings are at variance with our observations on thorium X (predominantly an
alpha emitter).
As a result of these differing observations with selected alpha and beta emitting
isotopes, we are inclined to believe that alpha emitting isotopes with their highly
ionizing radiation of short trajectory produce an enhanced biologic effect follow-
ing their penetration into and intimate relationship with the skin and its struc-
tures.
On the other hand, a beta emitting isotope with its radiation of long trajectory,
produces its biologic effect when acting from the surface of the skin; the effect is
apparently not significantly enhanced by the intimate relationship or penetra-
tion of the isotope into the skin and its appendages.
SUMMARY
1) Experiments were carried out in the attempt to ascertain if any differences
in clinical biologic effects, as judged by erythema, would result from the topical
application of radioactive 32 to human skin in vivo as an aqueous solution, in
the form of blotting paper discs and in specially constructed sealed plaques. In
one series of experiments the penetration and localization of 32applied in aque-
ous solution and as blotting paper discs was demonstrated by autoradiography of
tissue sections prepared from biopsy specimens. The details of these experiments
are given.
2) When 32 solution is applied to the surface of the skin by direct pipetting
or in the form of a blotting paper disc there is no correlation between the ery-
thematous response which is observed and the amount of 32found on the sur-
face of the skin or within the tissues as demonstrated by autoradiography.
3) When 32 is applied to the surface of the skin simultaneously as an aqueous
* J should be noted here that although the source of radiation was removed when the
plaque and disc were removed, the sites prepared by pipetting with 32 solution were un-
touched.
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Solution, in the form of a blotting paper disc and in a sealed plaque, no regular
difference in biologic effect, as judged by erythema, is observed between the
three methods.
4) The results of these studies indicate that 32 produces essentially the same
erythema when applied to human skin whether it acts from the surface or follow-
ing penetration into the tissues.
5) These findings with a pure beta emitter are compared with the findings of
similar studies previously done with thorium X (primarily an alpha emitter)
in which it was shown that the penetration of the thorium X into the tissue
definitely enhances the erythematous response.
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DISCUSSION
DR. J. WALTER WILSON (Los Angeles, Calif.): In 1942 when I was with the
University of California in San Francisco we had an opportunity to use 32
very early in the course of its investigation by Dr. Bertram V. A. Low-Beer, and
I reached the conclusion, which I still hold, that it is a very difficult tool to
handle, and to predict the results. Also that all that can be done with a pure
beta emitter of that particular intensity of ray can be duplicated by other sources
of radiation which are much easier to control.
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